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Key limitations of SMAP observations

SMAP observations:

1) are sensitive to moisture and
temperature only in a 5 cm surface layer
(and only if less than 5 kg/m? vegetation)~s

/2) have limited coverage in time and
/space, and

3) are subject to measurement errors.

\ »

Surface layer

(0-5 cm)

—

NRooOt Zz onNnieo
(0-100 cm)

Need root-zone soil moisture for many
applications of interest to SMAP. -

| ayer
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Surface SMAP
meteorology observations
\/
Land
model
Data
PR

Assimilation

1

L4 SM Product:
Surface and root-zone
soil moisture

|

Applications
Users

SMAP Level 4 soil moisture product

L4 SM Product:
Assimilating SMAP data into a land

model driven with observation-based

forcings yields:

I a root-zone moisture product
(reflecting SMAP data), and

I a complete and consistent
estimate of soil moisture & related
fields.

L4 SM output includes
Aglobal,
A3-hourly,

A9 km

estimates of surface (0-5 cm) and
root zone (0-100 cm) soil moisture.
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L4 SM data product requirements

Motivated by the SMAP Level 1 Science Requirements, the

L4 SM surface (0-5 cm) and root zone (0-100 cm)
soil moisture estimates will be validated to an
ubRMSE requirement of 0.04 m3m-s.

[Identical to L2 soil moisture product validation and excluding regions of snow and
ice, frozen ground, mountainous topography, open water, urban areas, and
vegetation with water content greater than 5 kg m=2.]

[UbRMSE = RMSE after removal of long-term mean bias.]

Research outputs (surface meteorological forcing fields, land surface
fluxes, soil temperature and snow states, runoff, and ensemble-based error
estimates) will be evaluated on a best effort basis.
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L4 SM validation approach

Methodology Data Importance Metric
Wi | | be used tWnsyeraedLuyi :
Observed grid cell
Core Sites average values

(time-continuous)

Sparse Observed values Correlation
Networks (time-continuous) RMSE, bias
i Orbit-based Secondary: :
Satellite match-ups (SMOS, PendingD2 y (i QF %Ol\;lrg:gtlg.n
Products P{/71e¢ex X0 operation » DIas
Global modeling ;
Model and assimilation CROI\I{Iri:Z’tit(;IaS,
Products systems (ECMWEF, e n
b/ 9ty X0 assim diagn
Field Detailed estimates RMSEbias

. for a very limited Secondary )
Experiments set of conditions correlation



L4 SM pre-launch Cal/Val activities

Cal/Val activities to date:

ACalibrating modeling and assimilation system:
I Soll parameters.

I Microwave radiative transfer (tau-omega) model parameters.

I Model and observation error parameters.
AParticipated in Cal/Val Rehearsal Phase 1.

Avalidating L4 _SM system driven with SMOS Tb obs.
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Motivation and requirements
Calibration and validation approach and activities

[3)

Validation of prototype L4 SM products
1 _Rehearsal Phase 1 i_model-only prototype product

7 Prototype product based on SMOS assimilation
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Validation at core-site reference pixels (surface)

Average: ubRMSE=0.041 m3/m3

16010901 (Walnut Guich)
UbRMSE=0.029 m3/m?3

o
Eos s
E .
; o 2‘_ .. -'. '
2™ at ﬁ y
0 15\_&\‘ i
+ v
o A i
180 200 220
DOY (2013)

25010801 (Tonzi Ranch)

ubRMSE=0.020 m3/m3
0.4:

16040901 (Little River)
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16040902 (Little River)
UubRMSE=0.037 m3/m?3
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L4 SM (model-only prototype, no data assimilation)
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Validation at core-site reference pixels (surface)

Additional metrics are also reported.

Site RefPix ubRMSE Bias RMSE R Site name
1601 0901 0.029 0.056 0.065 0.652  Walnut Gulcl
1604 0901 0.046 0023 0041 0456 Little River
1604 0902 0.037 -0-.004 0044 0395 Little River
2501 0901 0.020 0.074 0.073 0.747 Tonzi Ranct
1607 0901 0.086 0.072 0.101 0.627 South Fork
4101 0902 0.036 0.098 0.096 0.659 Valencia
0.044 0053 0070 0589 AVERAGE

(L4 _SMis model-only prototype, no data assimilation)
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Validation at core-site reference pixels (root zone)

16070901 (South Fork)

surface

Red: Core-site in situ measurements
[avg. of 5, 10, 20, and 50cm obs]
Black: L4 SM (model-only prototype)

0 i
180 200 220
DOY (2013)
16070901 (South Fork) 16070901 (South Fork)
0.5/ 0.5/a-RMSE: 0.051
| root zone _ |Bias :0016
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E o3 = 03 bt
é \ 7
=02 302
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5 | i 0 i .
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DOY (2013) Reference Pixel VSM Im*m?|

#11



Qutline

1) Motivation and requirements
2) Calibration and validation approach and activities
3) Validation of prototype L4 SM products

1 Rehearsal Phase 17 model-only prototype product
| 7 Prototype product based on SMOS assimilation ]

#12



Prototype product based on SMOS (L4 SM SMQS)

AAssimilate SMOS Tb (7 angles, 36 km, 6 am/pm, H- and V-pol)
AMERRA surface meteorology

ACPCU daily 0.5 deg precipitation corrections

A9 km EASEv2 Catchment model resolution

ACalibrated microwave RTM parameters

AMean-adjustment of SMOS observations prior to
assimilation
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L4 SM SMOS: Cal/Val (core) sites

Little Washita

SM [m3.m'3]

Green: In situ
Red: L4 SM _SMOS

Root zone
SM [m®
o o
- N
i
.

01/04/2010 01/01/2011 01/07/2011  01/01/2012
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L4 SM SMOS: Cal/Val (core) sites

Apr 201071 Mar 2011

Bias [m3/m3] R[]
Black: Model only
0.1 Gray: L4 SM_SMOS

0.05 0.5

0 0
RC WG LW LR
ubRMSE [m3/m3] Anom R [_]
0.05 |
0.5
0
RC WG LW LR RC WG LW LR

AubRMSE reduced to less than 0.04 m3/m3.
A(Anomaly) correlation significantly increased (except RC).

ABias reduced.
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L4 SM SMOS: Sparse networks

SCAN/SNOTEL USCRN

Surface soil moisture
UbRMSE=0.056 m3/m3 UbRMSE=0.052 m3/m3

m3/m3
0.075
0.065

ROOL | ist '0.055
OO0l Zzone SOoll molsture 0.045

ubRMSE=0.046 m3/m?3 | ubRMSE=0.041 m3/m?3 0.035

0.025
0.015
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L4 SM SMOS: Sparse networks

COSMOS
Root zone soil moisture

m3/m3
ubRMSE=0.04 m3/m?3 0.075
0.065

- 0.055
0.045
0.035
0.025
0.015
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Thank you for
your attention!
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Diagnostics of filter performance

Filter update: x*=x'" +K(yT x') x' = model forecast
K =P(P+R) =Kalmangain ||[x*= fAanaly
Diagnostic: E[(y T x)(y7T x)] = P+R y = observation

N

v

iInnovations [ obs i model prediction state err cov + obs err cov
(internal diagnostic) (controlled by inputs)

d i

Example:
1) Bias.

2) Input uncertainties too small.

soil moisture

%}X-O\/E time |

»

Innovations diagnostics are ALWAYS available within assimilation system.
AMean of innovations should equal zero. Otherwise have bias!
ANormalize innovations with sqrt(P+R) A std-dev should equal one.

Otherwise (input) model and obs error parameters are inconsistent!
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0.027
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S 0018

0.009

0.028
0.021

F

9 0.014
0.007

L4 SM SMOS: Normalized Tb innovations

Reynolds Creek

-2 0 2
normalized Tb innov [K/K]

Little Washita

-2 0 2
normalized Tb innov [K/K]

0.036(
0.027|

F

9 0.018]

0.009

Walinut Gulch

-2 0 2
normalized Tb innov [K/K]

Little River

-2 0 2
normalized Tb innov [K/K]

Apr 201017 Mar 2012

Normalized
Innovations
histograms
suggest some
over-estimation
of the input error
variances

(of model and/or
observations).
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L4 SM SMOS: Innovations and increments

) ) Apr 20107 Mar 2013

Innovations (36 km observation space) g
Mean of innovations Stdv of normalized innovations Number of assimilation

avg=0.4 K, avg abs 0.7 K avg=0.82 times per day
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Increments (9 km model space)

Stdv of surface excess incr. Stdv of root zone excess incr. Number of incr. per day
avg=0.6 mm avg=2.7 mm (avg: ~1 every other day)




L4 SM SMOS: Ensemble error estimates

Apr 20107 Mar 2013
Tb ensemble std-dev (36 km obs. space) g
Mean forecast error std-dev Mean analysis error std-dev Mean analysis/forecast

avg=1.5K avg=0.83 K error std-dev (avg=0.67)
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0 05 1 15 2 25 3 0 05 1 15 02 0.4 0.6 08 1
Increments (9 km model space)

Stdv of surface excess incr. Stdv of root zone excess incr. Tb forecast errors

avg=0.6 mm avg=2.7 mm

and soil moisture
Increments are
small over densely
vegetated regions.

(Soil moisture ensemble
spread was not written
out and remains to be
evaluated.)

#24



Impact of CPCU on soil moisture skill: CalVal sites

. S Apr 2010 i Mar 2011 36 km
Bias [m3/m?] R[] —
T whk L
0 | H I 0 i
RC WG LW LR RC WG LW LR
UbRMSE [m3/m?3] Anom R [-]
0.05| @ - I N el allll
i B II H
0 H L
RC WG LW LR RC WG LW LR

Withholding CPCU precipitation corrections simulates

S . Model w/o CPCU
conditions in poorly observed regions.

Assim. w/o CPCU
Model with CPCU
Assim. with CPCU

Improvements from Tb assimilations are somewhat
greater without CPCU corrections.

uUbRMSE still close to 0.04 m3/m3.
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msa Impact of CPCU on soil moisture skill improvement: SCAN/Snotel

With CPCU precipitation Without CPCU precipitation
ganomR = anomR(assim) T anomR(model) 36 km model

[qaanomR:0.0B} _ >[cmnom R:O.16]
N=161 Surface soll

moisture

[qmnomRzO.lO} : >[q3anom R=O.19]
N=161 RootZone soll e »N:161

_—

120"
W 110 w

1000W 90 W

Greater improvements in terms of anomaly R without CPCU corrections.
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